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TiWTRODUCTION 


Tais vaver, whicn describes the milling practice at the San Guillermo 
concentrator of the Comncnia Industrial "El Potosi", S.A., located at 
Caihuahua, Chihuahua, Mexico, is one of a series of similar napers being pre- 
pared by the United States Bureau of Mines. 


Tre concentrator treats lead-zinc-silver ore at the rate of 2,300-2,400 
tons of dry material daily and »roduces lead concentrate and zinc concentrate 
voy selective flotation metnods. The lead concentrate is smelted at the 
Chihuahua vlant of the American Smelting & Refining Co., and the zinc concen- 
rate is shipned to various European smelters. 
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LOCATI ON 


The concentrator is iccated at San Guillermo, l2 miles east of the City 
of Chihuahua, at an elevation of 5,200 feet. The mine is 6 miles southeast 
of the mill and is connected with the latter by a 30-inch gage, fully elec- 
trified reilroad. Over a similar railroad lead concentrates are delivered 
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Qirectly to tue smelter, and wine concentrates to the Hacienda Robinson where __ 

terminal facilities ere avail: ble for transfer to the ational Lines of !‘exico. 
oi. : ieee ps hae S, 

Pover is pinenice: fiom the ‘Ota c- AY Sieoin y ae. Fuerza Pee pRiee del Rio 
Conchos, S.A. This co.:panv, a sibsidiary of the “Slectric’ Bond & Share Co., 
operates..a- large hydrselectric plant. at Berquille, Chihuahue, end in case of:.” 
water shortage is able t) sunple..ent its power from a steam plant near Torreon, 
Coahuila, eee ee ee Py eee ees 


- fas “ 4 ime Nuc 


ae ee 


Pover is transmitted fron point of: generation to Avalos, Chihuahua, about 
é miles west of the conceiutretor, at 110,000 volts, and is there stepped down 
to 22,000 volts for transiaission to the varivus centers of consumption. At 
san Guillermo it is furtier‘step:ed-dorn to’£,200 volts, 450 volts, and 115 
volts for uso in the different devartments. | 


ATOR 


o-water is available naturally at the mill site, nor can any be obtained 

from a mines, which are practically ary. The nearest available water is 
obtained from near the Hacienda Robinson along the marin of the Chuviscer River 
from a number of drilled wells, 10 inches in diameter, in which water is en- 
count ered at a depth of apvruximately 500 feet; and froin shallow wells. The 
former. are’ “equinped with air lifts and are used fdr vroviding ‘drinking water 
and to ‘supplement: the others during dry seasons when litte if any water is 
available -in the strata lower then * oa river bed. The latter wells are equipre: 
mith’ deep-well pumps.“ .- zi rk ae 

The water for concentratinz purposes is elevated to the mill by two 5-1/2 
by 12 inch Deane pumps through an 8-inch pipe line against a total head of 
450 ec 


Py 


Potable tek: ‘Ls: ured: to ‘the mill aan mine . piaounh a 4- -ingh “lene Line 
ty.4 4 by 12 inch. Yorthington : “pump ee st a. maximum. iE bOtee ae of 1,150 
pounds. Estey Ss be ane : - oe ies 


The water for milling purpcses is:slig@xtly alkaline, having a pH value of 
7.4 to 7.8, and total hardness of £2.5 grains per gallon. It is contaminated 
by sewage from-the City of Chihuahua; the extent of the contamination depend- 
ing on-the volume ‘of water. .actuall: flowing in the river. The more contaminated 
the water :the bétter the metallurgical work. at the concentrator. A careful - 
study of -this phenomenon ty members of :the research-department tas not produc- - 
tive of any Laas conclus LONS. 


. eo - 
+ o: ve “ ww ee a ee ee 4 
. 


tee ieber at the ee ee is” Searegi tig beeen Tai lin: ‘s are. impounded 
for settling and clear water is returned to the mtll circuit, All..thiekener 
overfloys and: éffluents -from ¢oncentrate filters -are returned in like manner. 
This practice has resulted in large economies in reagents, and the -fortunate - 
absence of soluble salts:in the ores Has’ maus the | mucmuinas use of the systen 
feasible. er pd SRO ge OS, ater + Oh ie ee ee 
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ORE TREATED 


The larse orebodies developed in El Potosi mine are replacements in 
limestone. The milling sulphides occur under the carbonate ores and grade 
from slisntly oxidized where the sulvhides start, to no oxidation at all as 
depth is reached. 


In the upper sulphide horizons there are large bodies of hard ore, rela- 
tively low in lead and zine and normal in silver, wherein the sangue minerals, 
in the order of their abundance, are magnetite, silicates, vvrite, and wyrrho- 
tite. The lead and zinc minerals in this tyne of ore grind reasonably free 
at about 5 per cent on a 65-mesh screen. About 6C er cent of the silver is 
associated with the lead, and about 10 mer cent with the »nyrite. The remainder 
is intimately associated with the magnetite, silicates, and vyrrhotite, and 
can not. be ground free, regardless of the degree of grinding. 


In the large orebodies of the lover horizons the magnetite is absent, 
silicates are less abundant, and an increase in the lead and zine content and 
a large percentage increase in »nyrrhotite is noted, while the nyrite remains 
ebout the:same. Tne ore as mined for milling is contaminated to some extent 
bv limestone. The.lead and zinc ‘sinerals in this tyme of ore are massive and 
grind reasonably free at about 15 to 20 per cent on a 65-mesh screen. FEighty- 
Tive to 90 =»r cent of the silver is associated with the lead mineral. The 
nrrhotite constitutes from 35 to 40 per cent of the total weight of the ore, 

nd is very magnetic, being easily removed with an ordinary hand magnet. It 
is a very unstable comnound and begins to oxidize inmediately when exnosed to 
veatherinz. The zinc mineral in all of the El Potosi sulphide ore is strictly 
a marmtite, having the approximate formula for the vure mineral of FeS.3(ZnS) , 
or 51.6 per cent of Zn, 14.7 per cent of Fe, and 33.7 per cent of S. It is 
glossy pines a color before grinding and changes to a chocolate browm on 

being ground. 


As received at the ai 11 the ore contains slightly less than 2 ver cent of 
moisture. 


The following analysis of a camnosite sam le of mill neads for the year 
1931 is tynical of ore from the lower levels: 


sunces Per cent 
Au \ Pb Zn Fe S Cad Ins | Cd | lig tin Cu 


: | | ee ae 
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_— eas 02 CONCENTRATOR OPERATIONS 


‘ “ 


“ining in: the Santa. Balelia district, 18 niles southeast of Chihuahua, 
ifexico, in which the El Potési ine is located, began in 1703.” a 


‘During the many years the Zl Potosi HMining Co. was removing the large 


. tonnages of oxidized lead—silver ores for direct::snivment to the lead smelter 


. of the. Anerican Smeltin? & Refizing Cr.,,6-miles. southeast of. the City of 
Chihuahua, they had cevelovxed lerze tonnages: of low-grade comrlex silver-lead- 
‘.gine sulthide. ores’ under the ortéized ores and in the lover limestone horizons 
of the mine.” ee : a eee eg eg OT ae oe a 

In 1920. sgeererene total. arses of. pul-inide. ores “had: Raveloned to: war- 
rant the construction of a milling plant, »roviding a satisfactory treatment 
“method- ‘could be worked out. “At thet time metallurgists’ were still handicapped 


by lac: of “imowledge or Ore reagents and control in _the me tne ce com 


2S sulphide OTS. : 


- At the Hacienda Robingony the heddquarters’ of: eho Cree ‘acvilot mill 
vas‘ biilt°in’ "1922 having @ canacity of 50 tons ‘nex day, to work out the flow 
sheet: on which ‘to base. ‘the desim and construction of a larger plant. “This 

mi°] was: equinned vith ‘crusher, rolls, various cencentrating devices such as 
classifiers, thickeners, tables; jigs, and several types of flotation machines 
and was overated Satermittently: mtil June, 1924, by apvlying the "then. lmown'" 
: ntacticé to the mroblem, with the result. that. fairly satisfactory recoveries 
of silver,” Lead, and zinc were ‘obtained, and. marketable: ‘products Were: mads 
that ‘woulé returh a srotit on the whole operation: of manne and milling. 


stew and enciete ge eetass, containing seas went to handle’ 560. tons 
of cre a day, was erected at San Guillermo. The first unit of the new plant 
was » eee in gerviée June 4,-.1925, while a second unit was. placed. din service 


_ As -devélomment work-progressed in the mines, ‘large new-tonnages of millin 
sulphice ores were onened, and the danacitv. of the concentrator was sradually 
..inereased_.to the peeeent meee of. more than 2,500 tons BBE : 


| Mention. shoulé dé made ‘tha t in the j year nrior to. the taste of. the new 
mill metallurgists haé meade remarkable advances in treating the complex ores 
of silver, lead, and zine br- the discovery of -a mmber of. new reagents and by 


. . better application of..old.ones,.-wouich gave a much brighter outlook for. success 


in the new plant when compared with the results that had been obtained in the 
pilot »nlant. 


From the starting of operations in June, 1925, and un to July 31, 1932, 
a total of 2,528,009 dry tons of ore have been treated. 
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ae _ Crushing 


Tne coarse crushing of El Potosi ores through S-inch ring size is done 
at the mine in a 36 by 24 inch Allis-Chalmers ere breaizer. The nroduct was 
delivered to the mill and crushed through 5/8-inch opening in @ 4-foot Symons - 
vertical disk crusher until November 1, 1928, when a 53-foot Symons cone 
crusher was installed. This crusher hes a caracity of slightly over 2,000 
tons per day of oversize fron the Hum-mer screen, wnich it crushes to 3/8- 
inch size. The Hum-mer screen, which is placed ahead of the cone crusher in 
the flow sheet, has openings of 3 by 3 inch, the tmdersize falling directly 
to the fine-ore conveyor. - | ee = * 


~ a 


e 


Fine Grinding .: | 


Grinding practice has remained substantial} the | game - ‘throughout the 
whole period of onerations. The original ‘equipment. consisted of four 7 by 
12 foot Cole-Bergman rod mills, one 6-foot Dorr duvlex classifier being in 
circuit with two rod mills... In 1927 two 5 by 12 foot Marcy rod mills, each 
in circuit with a 6-foot Dorr cunlex classificr, were installed to assist in 
handlin= the increasing tonnages, 


Lead Flotation Practice 


The unthickened overflows from all Dorr ese zers have constituted the 
feed to lead flotation. Minerals Sevaration Sub-A tyme machines were used 
at the start for floating the lead. Later installations to handle the in- 
creasing tonnages were the Standard Minerals Separation snitz tyne of machine 
with the El Potosi modification. ° Due to the hizh specific gravity of the ore, 
the stancard design of Minerals Sévaration machine would not circulate the 
mulp without choking. To imeet this condition the regular feed nipes which 
advance the puln from cell to cell were eliminated and short elbows were sub- 
Stituted, connecting the lower part of the spitz with the bottom of the agi-~ 
tation chamber of the same cell, thus circulating tne feed within the cell. 
Pulp was advanced throuzh the machine by a hole cut turough the partition of 
each cell, at a heignt to maintain the pvroper pulp level in the ara . 


“Feed to ‘lead machines contains about = ner pent solids. 


- No real cleaning of the 51 Potosi lead concentz rates has ever been }rac- 
ticed, as the character of the ore, the rod will grinding (producing a minimum 
of slime), and the adjustment of oils and reagents have all been favorable for 
the production of @ relatively high-grade concentrate from the single oper- 
ation of roughing. Lead concontrates from the rouchers are sent direc t to 
taickeners and thence to filters. 


Past practice in the use of oils and reagents involved numerous ehenze 
leading un to the present vractice. At the start, sulphurous acid was se- 
lected as the most suitable depressant for zinc,'as curing the first three 
years of milling the bull: of the ore came from-the upper levels in which a 
large percentage of the silver was associated with the nyrite, and in order | 


53 : rn ees 
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to maxe a satisfactory silver recoyery it was necessary to float the latter. 
tne acid was added in water solution and ground with the ore, or to the clas- 
sifier overflovs, dewréessing both tue zinc and the pyrite. However, uyon ad- 
dition of a’sufficient quantity of xenthate, the Gepressing effect on the __ 
pyrite was mullified without ereee tite: the zine, thus permitting. the flotation 
of ae silver-beariug pyrite. 


7. Fuly, 1928, testa were made Which sauieated: that the ores had (obliged 
to such am.extent that cyanide could bé used to produce a higher grade of lead 
concentrate. ‘Fora period of over. six months after the adontion of this 
reagent the silver recovery fell ozf as comnared with the sulpmirous acid 
neriod, but the lead concentrates were of hizher grade, and thus compensated 
for the silver loss. With the stéadz-increase of ores from the lower horizons 
o© the mine, wherein the main nortion of the silver was associated with the 
lead, the silver recovery incredséd ‘correspondingly. | The addition of the chem- 
ical just ‘ehoad of lead flotation: produded “results -identical with those ob- 
tained then it was adéed directly to the rod mills ‘and “€roeund with. ‘the ore. 
Tie latter method was adonted. The use of soda—as’t’ ‘along with the ‘cranide ‘had 
to ‘bé :digcontinued, as. the return water seemed to “rorid te: the flotation ‘of | 
zinc in the lead circuit. The waters used for milling “purhosés are alkaline 
after boiling off the free carbdon dioxide; hence, adding cyanide in small 
quantity to a raw water of. this character gave reaction vroducts that were 
highly favorable for depress ing both the zinc and pyrite in ores OF this tyne, 
and consequently the acdition of ; soda-asht was not! Receusery + . 


spotassduil trl xanthate Was: er Shi tiaryy for. oonioting ‘Vea't: f robet lon 
and was. added to the ‘pulp at: the head of: :the: ‘lead ‘circuit. During this: period 
of the. oneration’a considerable ‘nercentage of coarse lead sulphide and also 
wnat might: be ‘termed: lead nidélings, passed ‘through both ‘lead and zinc flota— 
tion and was lost in the final tailing. Upon investigation of these losses 
a tébdling plant was. installed to treat the tailing, and both lead: and silver - 
recovery were ‘subs taziti ally ‘increased. Shortly ‘after this plant was mlaced. in 
service, memufacturers: began to produce: higher: alcoholic xanthates. The adop- 
tion of Sotass ium anyl- xanthat a immediately cave a vertical increase of 
approximately: 2 unit: per’ cent: ia recovery of both: lead and. silver in: addition 
to recovering practicell;y all that hac been recovered by tne pepness Hence, 
the operation of the: tabling slant becahe unvrofitable, — ae 


When using ethyl xanthate,* cresylic acid was used-as the frother for lead 
and was added: with the ethyl: xabthate’at the Head of flotation. It had been 
added. at various times 1n” the grinding mills with no difference in: results. 
Shortly’after the change was made from ethyl to amyl xanthate, | cresylic acid 
vas agd@in:added to the grinding mills, with a resulting increase of 6 unit. 
per cent in grade of concentrate, obtained simmly by-changing the: voint: of 
addition. Advancing the cresvlic acid to this noint also gave 1 unit per cent 
hizher’ recévery * ‘of lead and silver. This” ‘brings out the point that when one 
of the imbortant reagents is: changed: for. another the | _ change ma;r S180 af fect 
the Status’ of yale other: reagents. 7 


~Th- oe 1952, baty}: Senate Was: -gabati hited’ for ene xentiate; éffec— 
ting a saving in teemant cost and giving equal metallurgical results. 
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Daring the first four. years of operation, lime vas not used excent in an 
experimental way. Numerous tests, made in both laboratory and mill, wherein 
lime was Zround with the ore gave much lower recoveries of both lead and 
silver, although the grades of concentrates were excellent. . At the time these 
tests were made the cresylic acid was being added at the head of lead flota~: 
tion.. Leter, as noted previously’, it was added to the eSrinding mills and 
ground with the ore. Conditions rere now favorable for a reversal of the 
former »rocedure, therefore with cresylic acid in.the mils the lime was added 
to the pump anead of flotation, vroducing slishtly hither recoveries of lead 
and silver without affecting the grade of concentrates. The final outcome 
indicates that lime, in moderate amounts, has no de»vressing effect on lead 
sulphides, provided they are oiled before it is added. 


The quantity of lime added before lead flotation is regulated to give a 
nrdrogen-ion value of 7.9 to 8.1 on sammles of lead tailing pulpy. pH determina- 
tions are made at 30-minute intervals. Close control of hydrogen-ion concen- 
tration has, resulted in a very constant froth condition. A Ia “ifotte Roulette 


Comparator is used, usually with Cresol Red as the indi cator. 


Both the mat and mtless prsee of flotation machine, using air, were given 
exnaustive tests on full mill scale for both lead and zine roughing, but they 
failed to conmared favorably with the machines now in use. Comparatively 
coarse grincing releases a high percentage of all economic minerals, acd air 


machines failed to float the coarser sizes. 
Oils and. Reagents, Lead Circuit 
A review. of past milling practice on El Potosi ores shows the following 


oils and reagents which were used per ton of ore milled for the flotation of 
lead: : _ 


Reazents added at mills and ground with ore a Pounds ner ton of oze 
Sulvhur Cioxide in waver solution i a ee ee oe ee eenanr56e os 0.20 

(July, 1925, to July 21, 1928) 
Sodium cyanide (July 21, 1928, to date) ..cccccccceens ~083 


Cresylic acid oaly 26, 1930, to date) ....ceccccccee 054 


Reagents added at the head of. lead flotation . 


Potassium ethyl xanthate (July, 1925, to Oct. 1, 1929) © 625 
Potassium amyl xanthate (Oct. 1, 1929, to July, 1932) © .128 
cresylic acid | _ (July, 1925, to July 26, 1930) .09 
Lime 2. | (April, 1931, to date) ...... "712 
Butyl xanthate wis, «, daelaadry ee eng eiepeeahieereeeis 2125 
B53 | ge me 4 es 
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cinc Flotation Practice 


Tne tailings fron the lead flotation machines, 40 to 45 per cent: solids, 
are the feed to zinc flotation. U-: to November 18, 1930,: about 25 per cent 
of the feed was treated in the Sub-A tyve of machine and the remainder in the 
Minerals Separation Standard machine with the El Potosi modification. The 
latter tyne of maciine vas adonted Jovember 18, 1930, for all zinc. roughing 
and cleaninz. Prior to this tine, all lead tailing passed directiy from the 
last lead cell into the first zinc cell, with practically no. time.of contact 
for oils and reagents before the flotation of the zinc was started... Copper 
sulphate and xantnete were added in. the first zinc cell. Oils were used ex- 
nerinentally anc: anvear to have had no favorable influence in the Zinc circuit. 
Beginring November 18, 193C,. all lead tailings were collected in a common sump 
before mechanical distribution to the zine roughers. This arrangement gave 
about five minutes cortegt of reagents with the nulp.ahead of. flotation. The 
eopper sulphate and ethyl -xanthate vere added in the sumn ahead of distribu- 
tion to machines. <Arr7l xanthate could not .be used for zinc flotation, as it 
had a tendency to float the-vr-rrhotite. Beginning in May, 1929, lime yas 
edded in one of the cells neaz the end of the: lead circuit after the main - 
nortion of the lead had been floated. Avnplrring it at this »oint depressed both 
. the -grite end nvrrhotite slisitly and thus seve a little higher grade of 
rougher cine concentrate ana satisfactory zinc-recovery. This yractice .was 
continued to Novemtes 18,1930. At that time it-vas added to the lead tailings 
-sum befare distribution to the zinc roughers, thus giving five minutes. con- 
tact. The ~vrite ras denressed, but the vyrrhotite oaly slightly so, and. the 
only way more time contact could be obtained was to add the lime at some point 
ahead of lead flotation,. a-previous practice which-had lowered both lead and 
silver recovery. However, uncer prevailing conditions, the cresylic acid being 
.addedin the grinding mills, lime could: be..added-at:the sump ahead of .lead 
flotation. As‘alreadr noted under "Lead flotation vractice" the addition of 
lime at this voint ras nicaly beneficial to lead and silver recovery and in 
addition to tais the 35 minute time of contact of the lime with the pulp in 
its passage through the lead flotation depressed the pyrite and pyrrhotite 
almost completely, producing a high-grade zinc rougher concentrate and higt 
rougner recovery of gince............... ee Sate eS oh 

_,, Cleaning of Zinc Concentrate | 

Cleaning of the zinc concentrate was not undertaken until 1927, As 
stated previously in this report, the matless tyne of air flotation machine 
failed as a rougzer becauss it would not float the plus 65-mesh coarse Ziric, 
emounting.to 15 ner cent of the total that gould: be recovered with the 
Standavd Minerals Sevaration macaine, Tae matless air macnine was used ag a 
zinc cleanor for a neriéd,of two.and one-half years, producing a fair. grade 
at the expense of losing most: of the coarse mineral that had been floated. by 
the rouzhers. Returning. the.cleaner tailings to the rougner circuit built 
up a circulating load of coarse mineral in the cleaner. The failure of the 
matless air machine in all cases may have been due to the highly granular 
character of the several vroducts treated. Neither cyanide nor lime were 
of any value in this machine. Co »mer. sulphate in proper quantity, about 
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0.50 vound ver ton of material-being treated, was used and functioned to de- 
»~ress both the pyrite oe aan 


ree = -_. 
smee 


In December, 1929 9, a. standard meres. DL ‘Potosi “bait icatien was ayaa 
able for cleaning, and in June, “1930, | another of the sane tyne.was available _ 
for recleaning. Both grade and recovery of zinc were greatly: improved. 
Neither lime nor copper ‘sulphate had any value in the cleaning circuit with 
these machines. The feed was slizhtly alkaline. Oils had no value, but 
cvanide, added at the head of the first cleaner to equal 0.10 pound per ton 
of material being treated, hd good value. iio reagents were used in the 
second cleaner. The disposition of cleaner tailings is covered in this renort 
under "Pregent mill methods. ". 


te REaRS of Zinc Concentrate 


42ince eeneanteeiEa were, 411 passed over Wilflev tables ot tue time 
when cleaning was’ undertalcen* in the Standard flotation machine, the tables 
functioning both for nilot. nurncses end for removing as much lead as possible. 
ne source’ and character of ’ this lead is given under "Lead Flotation." After 
tne adontion of aml xanthate very little free lead sulphides escaned from 
the lead circuit, 80 tabling’ was unnecessary’. 


Oils aad Reagents, Zine Circuit: 


. ' The reagents used in nast nractice for roughing of El-Potosi zinc were 
as follows: | _. — _ 


ae Pounds ver ton or ore 


Copper sulvhate (to ‘lovember 18," F3 er — 9.83 
Ethyl ore Ce Rovanbes 18, 1930) se... . 0.11 - 


ogee 


For reagents: saswsccae after: the above date, refer to "Present milling 
methods, "! 


Milling Uosts and Gen centrarer Results: 
Milling costs for several years operation are given in Tables 5 and 6. 


Concentrator results for seven and a halt eee pegtintne with 1925 are 
presence in vauee 6. . 
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“Table 1.- Concentrator results, Fl Potosi ores, from recorés of 
rrevious years 


925° aT | 
19266. aes | , 
1927 oe | 247,794 | 
1928". | ce 
“1929 ; 401,018 | 
1930 | 469,900 | 
1931 | 597,673 | 
1932 (150 days)| 337,863 || 


Lead Concentrate 
1925 — | 6,163 } 35,52 ! 40.58 f 
1926 | 20,342 | 37.1% ¢ 51.26 

- 1927 tf) 42406 | S7COE- | . 46.35 

ane 
| 


ee 58,591 | 40.26 | °° 53.767] 
1930 74,638 4429755) $60.00. 


47,59 | 66.27 


67,94 | 


110,983 
69,208 | 1672 


1925 24,213 

1926 78,803 |  2e 
1927 | 272,708 fF Be 
19280sti(‘<‘éisé*d#O#O232,642 

19g9° | 295,041] Be 
1930 “"° ')} 322,572 | ‘tT 
1931 399,483 


1932 (150 days){ 215,591 


Note: The results as shown for the year 1932 include the first seven months of 
oneration, all that vere available at the time this report was written. 
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PRESENT CONCENTRAT OR METHODS 


A general flow sheet of the concentrator is given: in Figure I,°- The method 
of concentration is all flotation for the selective: Sepene ton OE ‘Lead ae zinc 
minerals from the original pulbd. i Sara’ a 8 


Crus rushing 


som co 


AM primary crushing is done at the mine, and tne. erudhiee: ore is astiyanga 
to concrete ore bins at the mill. ‘ ‘It.is drawn off. here ‘through. 6ne “AL1Es+ 4+ 
Cualmers 30-inch by 8&foot aprén-tyne ‘feeder from the 440+ton bin, -and: 6ne ° 
Stephens—Adamson 18-inch by 7-foot, apron-type feeder, from the'2,200-ton- ‘bin “to 
a 24-inch conveyor wnere it is passed over a = by 5-foot Hum-mer Screen, set at 
an inclination of 329, with openings of 3 x by 2 = inch. Undersize fatls™ “afrectly 
to an 18-inch conveyor to fine-ore bins. Oversize is conveyed to a 53-foot 
Symons cone crusher, driven by a 125-hn., 575-ren.m, induction motor, direct- 
connected. Product of the cruster drons onto the fine-ore conveyor, where it 
joins the Han-mer screen undersize, and is conveyed to either of the two fine- 
ore bins. Yrese bins are cylincrical steel tanks 22.feet in diameter, one 28 
feet high and the other 23 feet high, having. resvective capacities of 600 and 
500 tons. Fine ore is drawn from the bins by means of two roller-type feeders 
wider each unit, and is conveyed to the rod mills by means- of a 12-inch con- 
vevor to Section 1 and a 14-inch conveyor to Sections 2 and 3. 


Three Merrick weightometers are used to weigh the ore, one on the conveyor 
carrying all coarse ore to the crusher y and one on cacn, of. the. two fine-ore 
conveyors to the rod mills. These serve as a double PARC on tonnage. | 


Seng Saewee eile e) Sere ce Ge We Ste ee 


The fine—grinding equiyment. consists ‘of foie ee ae single-trunnin 
rod mills 7 feet in diameter by 12 feet long, each nair overating in closed 
circuit with a model’ "D", 6 by 22-foot Dorr classifier; and two 5 by 12-foot | 
Marcy double—trunnion rod mills, each mill operating in closed circuit with a 
model D, 6 by 22-foot Dorr classifier. The Cole-Bergman ‘mills onerate at a 
sneed of 16 r.p.m. and are belt-driven by 150-hp., 900 r.o.m., synchronous 
motors. Marcy mills operate at a speed of 22 r.n.m. and are driven by 125-hp., 
355-reDeMey induction motors, direct-connected yenoven sein pinion and 
gear. 


All mills are lined with. manganese -steel liners ana use 38-inch by 12-foot. 
steel rods, both of Mexican minufacture. Liner consumntion is approximately 
0.16 pound per ton at” “ore, and rod consumption is about 0.88 nounds per ton 
of ore. 


Hach classifier is operated at a speed of 28 strokes per minute, Cole 


mill classifiers being driven y 10O-hp. motors and Marcy mill classifiers by 
o-hp. salar | me 
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Lead piotarLon 


em ye ee Lg me é 
oa 


- 


The classifier Sveneions: which compr ise the lead flotation feed, flow 
by gravity to a S-inch dilitey ~ump which discharges into a 4-way mechanical 


distributor from which the wul> flows by gravity. oe four flotation. machines. 


Tne equinmment in the lead flotation section sonateee of four “14~cell, 
18-inch Minerals Separation Sub-A. flotation machines. Air is supplied by a 
Roots blower at a pressure of 2 nowids ver square inch. No. 1 and No. 2 
machines are driven by Tex=roneg, with one. 10—-h». motor. driving two spindles. 
No. 3 and No. 4 are driven by one Il2-kw., 900 YePele, Synchronous motor 

hrovgh sears. and oo ! mone ppiehes run. at a speed of 315. Po Pele 

tthe ends and-exounte. of, “reagents added at ‘the rod mills and ground with 
the. ore are? | see a 
oe ae oo . Ppands i ton of bi 7 
Cresylic acid. Oe eae os ; 0.056 | 
Sodium cyanide aioe ee ete tin ie 2 #050 


eo * Those added after grinding, ahead of lead flotation ace ’ | | 


_ Pounds per ton, of ore 


Lime see aaa Otcoeorseoseeneeeee -"., - . 0.479 trie 
Amyl xanthate ccc eccseweccccoeeee§ 2. ellO . 
or Butyl santhate « wDeeee Secor eeerccrre tite , e110 


Lime is added ahead of lead flotation in sufficient amount to give a pH 
value of from 7.9 to 8.1 on vuln sammles taken from the tailing of lead 

_ machines, a Ia Motte Roulette. hydrogen-ion comnarator being used for making 
oH determinations, Tais degree of alk@linity tends to inhibit the flotation 
of iron minerals..: Until recently, amy xarthate has been used as the’ col~ 
lector of Lead and silver minerals, but at vresent butyl xanthate is being 
used for that’ purpose. The frothing agent is cresylic acid. Pulp dénsity at 
the: head ‘of the lead: circuit: is. met nte ed at about 45 per cent solids. 


nes ehavestse: of - “thes ora: se iryened to..the concentrator is very uniform 
i day to day. It is an exceptionally clean ore and breaks ‘in granular form 


_with very little slime. If grinding is very fine, slime seems to cover the 
_ Surfaces of the lead aineenta peipiad it. to Float oe greg ote § Flotation 


*“ecortomic avens: is ‘about 70° per:. cent. 


Zine Flotation 


= ap. 


iteildne 4 fro Hie: lead flotation iaeniads flows by gravity. ‘to a 4-inch 
“ieee pump, which elevates it to a 4-way mechanical distributor. | From the 
distributor it flows by gravity to four le-cell, 24—inch Minerals Separation 


85S Bi ae -~ 1l2- 
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Standard machines, where a rougner concentrate assaving about 40 ver cent of 
zinc from all cells is »roduced. The rougher concentrate is mmned by a 4- 
inch Wilfleyz numn to the first cells of two 6—cell, 24-inch Minerals Senar- 
ation machines which serve as first cleaners, where a concentrate assaving 
avout 45 per cent of zine is produced. This concentrate flovs by gravity to 
tvo S-cell, 24-inch ifinerals Senaration machines for second and final clean- 
ing. Zine concentrate from these machines has an average assay of about 46.5 
per cent of zinc and 15.2 ner cent of iron. As explained under "Ore treated, " 
the Zinc mineral is a very low-grade marmatite. Laboratory cleaning tests’ to 
determine the maximum nossible grade of zinc concentrate, to the extent of 
seven cleanings with iron devressants, gave a contentrate | assaying O9 2 ner 
cent of zinc and 14.9 ner cent of iron. ° 


Following are the kinds and amounts of reagents used for the flotation of 
rougher zinc concentrate, added at the 4- inch VWilfley pump anes of the vump 
distributor to flotation machines; | 


Pounds ner ton of ore 


Copper sulphate ee ere | 0.424 
uthyl. xanthate. gia a nleceeress Ge ereeaae e125 


Comer sulphate is added ‘to reactivate the zinc, end ethyl xanthate is the 
collector. Very. careful control of the conper Sul mate and xanthate is 
necessary for satisfactory results. | 


f 


Reagent used for first eVeaiae: 


Sodium CHANGE’ es sseseeeeeeereneeee | O. se »ound yer ton of ‘ore. 


-Devatering and Filtering of. mehatica Saneodbeaten: 


lead concentrate flows by gravity to a num, which elevates it to a 
3 by 15-foot Dorr simlex classifier mounted above the lead thiciener tants. 
Overflow from the classifier flows to tro8 by 30 foot steel Dorr thickeners, 
where it is settled and ~unped by Dorrco diaphragn -~um7s to two 6-foot 
diameter, 4-lead American filters. Coarse lead or oversize fron the classi- 
fier flows by gravity directly to these tvo filters. They handle about 335 
tons of lead concentrate ver day, the calce having a moisture content of about 
7.5 per cent. 


Zinc concentrate is nunned to a 3 by 15 Pest Dorr sonties classifier 
operatinz at a speed of 22 strokes ver. minute, mounted above the zinc thick- 
ener. Overflow from the classifier flows to a 6 by 45-foot Dorr traction 
thickener where it is settled and raised to an 8 by 12-foot Dorrco filter, 
by means of two Dorrco diaphragm puaps. Coarse zinc concentrate, or oversize 
fron the classifier, flows directly to the same filter. Moisture content of 
the Dorrco filter cake is about 7.0 per cent. This filter handles about 500 
tois of zinc concentrate ver day, with high pealks’ for a few hours at the rate 
of 600 tons per day. 
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Tuickener feed contains | about 3G pez cent sol ids» and poe ener discharse 
about 65 per. cent. solids. _ oa Gh. ee — | ere 

“Cake from £ ilters drons to ‘1LS-inch conhvevors which carry it to railroad 
cars,» or. by. means of a tri jer it is dronned to ‘the natio if necessary. ‘Cars 
nave. a capaci t: of db tons. ‘end are or the ‘side-durm tre. Lead concentrate is 
shi: mea to- the American Sm elting a Refining Co. smelter at Avalos; and’ ‘gine 
coacentraté,is sent. to. ‘the Hégienag | Ro dinson for, _transfer- to cars. oF the: - 


eee, Railroad... SRR | ie bee oh ees , ; 


e > es ee « . ‘ 
> : ‘ 5 dita 
w ote «- ’ tone 
7 . , eo. . se . ~ 


| Falter. medium is siti lar. to American. al tri Uy and is: vurchased. from Bs ‘ 
de “la Torre y Hijos, Mexico City. . 


. 
Sar of as? ects mae wart on 
Mes * u . a “. : of, aed 


io -All-overflows of. Dorr. thickeners are collected. in a.common sump. and 

muaped baek to, the mill surge tant. by means of a, “br 3-inch Allis—Chalmers 
centrifuzel pun, automatically’ controlled’ by float’ switch, “having a capaci ty 
of 400 gallons per minute azainst an 80-foot head. - This pum is direct- con- 
nected to.a.10-hp.. motor.running at @ speed of 3,500 r.n.me 


All sates: a>e cut at 15-minute’ intervals’ by Geary-Jéennings Automatic 
Samlers. . Bi ght-hour. sacmles, welsh about 15 pounds each. A ~»ortion of each 
sammle is. set. aside for. the monthly weighted. composites. Tnese sammles are 
placed in air-tight containers and at the end of ‘the month. screen. analyses, 
chemical analvses, and laboratory tests are made. Tests and analyses serve: 


as a checi against daily results. 


Ca a an aan 
. 
ra Sor 


Owe a a ge Oe A eee ee wi ee 


tives Merrick wolsitcnetera “Daily 3 assava are’ caltulated into: recoveries 
with the bi-metallic. formula... Ratios of concentration give the weights of 
concentrates. As the samnles are all talzen with automatic samplers the cal- 
culated weights,of concentratos and actual shi:ments check very closely. All 
goncentrates leaving the. rail are Weiguea in. the. cars, _ by. track scales, giving 
an. pice dane chec::, on metallurgy. 3 


: iC a" 
. 
’ oa 


ees ook . eo Mid 7 end Feeding of RB a ents | 


Boye pos : _- pe 2 


| dk ees. except: comer. - sulphate end. lime | are £ ed ae Geary concent | 
f Pocdena. Covmer sulvhate is fed by means of ‘a feeder having ‘cups attached to 
a revolving disk. All reagents excevt lime are fed as liquids.’ A belt—type 


ore: Toeeee cae used. ae cane : . ee. ge Sg Bo a 8 Dili fathead 


Soe. 


e er ‘sulzhate is ‘dissolved. “in "tio 5 honegSte iis tanks; aie eee 
ere gf. 10, 000. jallons. - + In-order. to. provide for’ thorough mixing the solv 


at 


a) 


. tion. is scireulat ed. from the. patton - of the. ‘tani “to the ‘tap . by, a small”. contrifu- 7 


gal pump made of corrosion-resisting material. oe 
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The xanthates are oe up as 10 per cent solutions in concrete bance 
having a danadity of 1,280 gallons each. A 5 per cent solution of sodium 
cyanide is used, the solution being kent in a tan’: having a caracity of 2,750 
gallons. All liquid reagents flow by gravity to the feeders. 


ae Tailings Disvosal 


All tailings from the mill flow by gravity for a distance of 3,174 feet 
through a-cast-iron lined launder to two 6-inch Wilfley sand numps (one used 
as @ snare), driven by 2,200 volt, 50-hn. induction motors, and are elevated 
to the face of the dam for impounding of solids and recovery of water. The 
discharge nine is 6 inches in diameter, 750 feet lonz, with 700 feet along 
the outer edge of the dam. Pipe is fitted wita welded nipples 1.5 inches in 
cjametdr vy 18 incués long spaced at 4-foot intervals, and material can be de- 
posited at any pvlace along the face of the dam, keening the bank or border 
built uo sufficiently high to impound and settle out clear water. This pive 
is level, and is raised 10 feet at a time over its whole length. 


About 100 feet from the face of the dam a penstock with adjustable weirs 
sitims off the clsar water, which flows through an 6-inch a to the clear 
ate sum) for return ta the oe eos 
Two pelt-driven trivlex pumps, one 4 inch and one 3 Vick roturn cbout 170 
gallons per minute of recovered water through a 5S-inch vine line to the 8 by 
e0-foot mill surge tank -for re-use. the two triplex pumps are driven by a 


2,200—volt, 50—-hp. motors - 
Due to the high specific gravity and coarseness of the material and to 


Tapid oxidation of the pyrrhotite the dam is solid-and very little trouble is 
had with sliding of the border. | : | 8 
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The following tables are given, showing the costs »er ton for milling Zl 
“otosi ores for the several years operation: 


Table 5.- Milling costs for previous vears 


1925 1°26 1927 1993 1929 | 1930 1931 
Symons crushing ......-eee0 [80.056 | $0.013} $0.019 | $0.019| $0.021: $0.018 | $0.014 
Fine grinding ..cccsscessee | 0202 e151 o125{ .120 2088' .088 eOre 
Lead flotation reagents ...{ .065/ .0c0; -.045! .235 -031 | 043] O36 
| 098 .108; .08& »067 
2035 032 | 2026 025 
026 ‘022 
i 
| 
{ 
| 


Tlotation other expense ...| .104 061 2057 
Dewatering and loading .... 0079 2 O47 
Concentrate | 
ROWS O16 6k SS6aree ee ais ecere ee 0382 
WTAtCr ecccvesccccccccccccne 0174 
BSSOMINE eas suis seh sa oie wie 2059 i ; 
aiscellaneous other expense| .158 " . .035 039 «028 
Tailings disposal ..ccccece eOL5 0008 2014. 006. 
General EXDENSE eeoseeesese | 0178 2157}: -- .098-; - sLOL)- O91 |} 


Zinc flotation reagents .... ~080 7 * 101 | 


- 033 2028 


B24} 2=— 295 
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Total: cost per ton ..s... | 1.552 .0.862.| 0.838} 0.745 


Material used sper ton of ore: . 
Rods, ynounds @eeveoevnseonenne cs @ Sorte 


SOS U: osreb el Sie evaneetuece - cents 


Liners, POUNGS ..+ee.-eee 
Cost Sad eee er oe cents | 


Power, id lovat t—hours per . 
t 7 14.626 | 13.903 


ee Se) 


jSix montus ,| oe ee July, 1932 — 
1932 | Labor {Supplies | Power ‘!Rea; 
Symons crushing ......-.+-0| 30.021 $0.0055| $0.0053 


Sine 2YINGine. sccsswecooese | 0172 «© |S  O101}| 0465 1° - e L570 
Flotation oils and reagents (078 tf. . DOLE]. om i $0.0698} .0720 
Flotation other expense ...; 117 | | .0119 20119 | 309341 21172 
Devatering, storage, and | | teu tas tated | 

Loading sccrecsccceacece;, +9350 .0146 20072] .0078| — 20290 
Vater Sa aiete outs Came wie e easel] e020 20034 0012 0125 = eOLT1 
Return water e.cecssesecses| 0008 20031 e0010{ .0046 - 20087 
Tailings disposal .........| 010 | .0044/°°.0045| .oo18!/ - - | .0107 
Laboratory eeeecesecececccrces ~007 * "0030 00021; .0012 = | «0063 
Research essessccosseee-s-0| 2003 | °° .0025) °°” ia ae -~ | 0025 
General EXPENSE ...eeseesee 074 jj; .O519,°° .cO80}; ~.co5gl ~ "40658 

(OER e eeete ec uaha eee een 0.540 * OslLI1Ts + -0,0877 4+ poe 9 0.0698) -0, 50239 
703 - 19 - 
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Tons per 8-hour $$ Man-hour 

_ then-shist ner ton 

, Shift foreman, 1 man ner Pa Websense | i. SBR a gs 3.010E - 
_Crusning, 2 men ner snift o..scccoceccsceces — Sol. 0205 
. Grinding and clessificatioa,: 3 men ver shift — Bgl , 20307 
. Flotation, 2.men ner snift c.cccccavccccscece| ee BOT uk -.0205 
Sammling, 1 man ner snift cccsccscesccescese ©) PBB -.. 0102 


, Filtering, 4 men per shift woccscosceseccsce 196 0408 


. Miscellaneous, . Includes sunerintendent, . 
. office,. mechanics, rarenouse, mnatchmen,,. 
.. Mummers, patio labor, assay of ice, | 


os 8 © @ = © ee @ © = @ gg © @ 4 


od scnool,. etCe. COC e ooo EEC eererereerersereere® | Ed 3 a | : os 0.2424 
. Total, all denartments es ee eer ee eh eee ee Lled __ 9.3753 


; Kilowatt-hours ©  .Per.cent 
~er ton ‘of ‘ore ° of total 


Milled = ° 


crushing and. conveying to fine-ore bins coe. "°" 0.49 - 3 
Grinding and classification ec sssecescseece, 5.88 40 
WMLOUACTON MACHINGS: << ie-6:s.6 0 dis.6 045000 6S 0:00 6-4 e es 4.61 Ge 
, 7 4 
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-‘Thickeners Ce ae ag rae aaa 24 «74 
“MRIf ley sand: wwhs 64205. vescees cases wesees 2 FP ee GPB> bees 267. 
PULUCOLS 1 awtaieie ore wore a oiGsS aed -are we eevee erence w aere es ~@O2 05d 
Return-WAter “UMS cece scescesccscnnesoceees 027 096 
Presh-Vater N08 soes os becca Sn eS eas cece 075 5.45 


Lighting SS Coie Eis 8 one ee See wie SS Se ON Be RNS a ce wot : “2 C69 
AS Say. offtce opeeces ee eee ere ‘ 014 1.02 

- -- Conveyors” to rod. mills and concentrate con- ssw: - | 

See _veyors | Pence cece neon enw e eee p ence n eee eeeee, 
ee ee ee ee rere “13.76 10000 
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Reagents 


: Cresylic acid ee er ee ee b rs seeee.s -Q0O54 - 
Ethyl xanthate. wee e eee nne ere eanceeeeeeeeres Wa Pete ype eae eleo 


Amy1 (or butyl) xanthaté J.....0ie lee cece ee” Ser nea aes -;110 


Copper sulpnate Liciowenieche us seeeaootaes pee Ee eae Se ee 
Sodium cyanide Wasa Gao eee wtb eo Re : 3 ee ee ee e050 - 
Lime @eeenveevene ef Be Besvepecrsccresssceceresas eH79 


| For rod and liner’ Ponae panne “gee fable 5: Sees? 


Or . a. 
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Table 8.- Metallurgical data -for July, -1932 


Dry ore treated bu cedisiestss a ave Sia anieia ne louis- anes enicee ae OTS e©eee@e 53,285 


Moisture in ore to mill ....scrcccces ba ee et ok socece DEY cent ...- 1.8 
sours oneratod per day ...... Teeter tree eet eee ee ee ° 24 
LAYS OVCTA CCU. 6 4:6'ie:eineiccers 6:6 Boots Geis ee eS S SESS SOC s SKS rece meee ea: . 23 
Lons: Vreaved:. Mer 24) NOUNS 4.4006 ban Ves eee ee setae wwe beeee cone cl YOl7 

Total concentrates vroduced .o..cs.cccsccercece- eoeseecee Gry tons... 18,543 


Average concentrates produced per day; | - oa 
TOA ie ed's sere soe OSE Eee Se Awe wee eeceoese @e@e@eeeeees do G©oe 356: 
do eee. 459° 


Zinc 9@PeGeseceeeeaseeoevoesear sce neeoeeenseetCeeeGeseeeanvneseedgerves 


Retio of concentration of section: _ te 
WOOO. 60 wis. 5516 N eee CES CEOS SOL eseeseoee tOnS Orisinal ore into l 6.51 
do 5.15 


Zinc @erseeevesevnvnsnseeneeteeevorsenetGeeveeeveeveeasnve @ 


average vuln density of heads: 


Lead section eeoeetessceooeteesceseeeageoeeoeoevsesew yercentaze or solids 47.5 
Zinc section @ce@e@eeoeeveseeeeneeesveeenseeovoveeee vee @ cn * : do 42.0 
First Zinc cleaner @eseeeseecovo eee veeoeseeseseGuneveeaesnpeees se . do 40.1 
Recleaner Zinc section Terre rrr reer eee See ee oe do 46.6 
Grinding-rod consummtion ner. ton of are secsseccssssece pound sees. _. O.542 


e 
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..- of Pe ei. : % : we - ite = , . : : . 
Table 9.~ Assays and recoveries..of mill products _ 


_ Recoveries, per cent 


100.00 -| 100.00. 

1 87.96. | 95.65 | 4.57 

6.44 3.55 | (1.25 | 79.18 
ea | - 8.49 -|. 3.10. 


Heads _ 
Lead concentrates | 
Zinc concentrates 
tailings 
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LaGED OF EQUIPMENT 


S,200-ton coarse~ore bine es ee 


Anron.feeaer.  .. 
24—inch belt. convevor. 
24~inch belt conve."or. 


| 400-ton coarse=ore bing ee 
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24-inch “2 plier “OX 
13-inch belt converor. 
600-ton fine-ore bin. 
500-ton fine-ore bin. 
Drum-tyne ore Seeder. 
Drum—tyne ore seeder. 
l2-inch fine-ore belt 


Merrick weightometer. - - 


14—inch fine-ore »velt 
Merricl: veigatometer. 
l2~inch belt conveyor. 
2 Cole~Bergmen 6 by 12 


se @ s@ 8 6 
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foot rod mills. Section 1.’ 


» © pean. os @ © @ & 


2 Marcy 5 by 12 foot rod milis. Séction 


‘Dorr dunlex classifiérs, 6 by 22 foot. 


oe 


ag oo eee 6 by le foot rod mills. Section 2. _ 


14—cell, 18-inch, M.Se 
14—-cell, 18-inch, M.S. 


14~cell 9 18-inch, MaSe. 
14-cell, 13-inch, %1.S.° 
l2-cell, 24-inch, M.S. 


12-eell, e4ninch, M5. 


cleaner. Divided to 
| l2-cell, 24-inch, M.S. 


cleaner. Divided to 


‘1g=cell, 24-inch, N.S. 
l2-cell, :.24—inch, M.S. 
lg-cell, 24<inch,. M.S. 
Four-way | distributor i 


A a 


Sub-A flotation tran. for lead. 


Sub-A flotation maciine, for lead. 
Sub-A.flotetion machine, for lead. 


Standard Snitz flotation. mAchine,. 
Standard Spitz flotation machine, 
inake two 6-cell machines. 
Standard Spitz flotation machine, 
mnke two 6—cell machines. ° : 
‘Standard Syits flotation machine, 
‘Standard’ Svitz flotation machine, 
Standard Switz flotation machine, 
or lead heads. 


-Fotr-vay distributor for zinc heads. 


Taree—vay distributor for cleaner tailings. ve oP 
Dorr Simlex classifier, 2 vy 15 feet, for lead Se aeewes: 
Two center-drive Dor thic'cseners, 30-foot diameter, for lead concentra 
Two 6-foot, four-leaf Anerican filters, for lead concentrate. 


Dorr Simplex classifier, 3 by 15 feet, for zinc concentrate. 
r, 45 foot diameter, for zinc concentrate. 


Dorr traction thi c:cene 
& by 12 foot Dorrco fi 
3 by 15 foot drag clas 
Two Dorr center—drive 


lter, for zinc concentrate. 
sifier, spare. 
thiciconers, spares. 


Two 6-foot, four~leaf. Anerican filters, spares. 
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‘SubsA-flotation machine; for lead. 
-zinc. rougher. 
first zinc 


second zinc 


zinc rougher. 


zine rougner. 


zinc rougher. 
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ae ala Lead concentrate 3 
eae . : e Se ee ee -! , ‘ 
inion Rougher zinc concentrate “—*—*— * Finished zinc concentrate 


®°—e—o—e First cleaner ainc concentrate Zinc cleaner machines tails 


Figure 1.~ Mill flow sheet 
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